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|. A brief history of greenroofs

Gudbrandadal,
Norway
(2007)

...Analogous to

11% Century
“Vikingsholm”

(Source: http://en.wikipedia.org/wiki/File:Heidal.jpg)






Rockefeller
Center
(1936)

http://urbangreens.tumblr.com/



Intensive greenroofs

Waldspirale: Darmstadt, Germany
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Extensive greenroofs

Ford Motors, Michigan

(WWw.greenroofs.org)

Table 1
Example soil thickness of intensive and extensive vegetated roofs as defined by
different authors.
Intensive (mm) Extensive (mm) Reference
150-1200 50-150 Kosareo and Ries (2007)
>500 - Kohler et al. (2002)
150-350 30-140 Mentens et al. (2006)
>100 <100 Wong et al. (2007)
=300 - Bengtsson et al. (2005)
>100 20-100 Graham and Kim (2005)

(Berndtsson 2010)



How to define a greenroof?

http://www.princetonreview.com/green-honor-roll.aspx

Vegetation

Growing Medium

Drainage, Aeration, Water Storage
and Root Barrier

Insulation

Membrane Protection
and Root Barrier

Roofing Membrane

Structural Support -

http://www.toronto.ca/greenroofs/what.htm




II. “What Greenroofs do”

Provide Multiple ecosystem services

— Construction and
maintenance

(Ryerson University 2005)

— Habitat/Greenspace

(Jones 2002, Brenneisen 2003)
— Air Quality TP 4
— Sound buffer e
— Soclal benefits

— Energy savings

(Saiz et al. 2006)

A
))"

— Stormwater Queens botanical garden
man ageme nt http://www.nytimes.com/2004/09/16/garden/16BOTA.html

http://www.roofmeadow.com/case-studies/selected-case-

studies/queens-botanical-garden-visitor-adminstration-building/



Greenroof temperature comparisons

T[*C]
o0

T—
|
|
| — -1
———— -
| -
_ —
_II _L
T
— _ -
| =
N I
L i
| —
N —
] ==
| . ="
!
B
|
I
e
—————— _
——— - -
=
_
T—— s
-
S I S— b=
- .
I|”||I_ -
|I.|_ .
. -
e T
=]
——
e —
=
.
-
R
i
~m— -
i
=
T T T I|j.|
=2 E 2w F R o8 = 5 =

s DU rs
OOE B0 8
(000 6% S
OO G E
00°F 60/ S
(001 B0 S
008 60/T/%
(0T BV 1EAL
(0:T 1 AOAEAL
(0T BT L
0001 BVLTIL
(09 BF 9T L
OOEOT GRTIL
001 BETIL
060 B T L
O0EF 1 BOATAL
OO 6B L
(0G8 1 B0AL 1L
08 691 L
00:TT B0 1L
O0T1 1L
00°T BIVE 1L
(91 S1L
(009 66/ L
(00T BV L
OOEO GOV L
(00 BV L
OO GOV L
(0 ST L
(081 GO0E
(08 BV 6T/
00 TT GVLTY
00:T 1 60MTM
0T ST
(0°9 1 AT
(09 B TS
(00T 0T
(001 Ea]
00:0 BOVE 19
(0] G
0 SS9
(01 6 19
08 BF T
(0 TT B0 19
00T GOVE 9
(0T 629
TR
00:9 60/5/9
OO B9
(0G0 1 G2/
(0 S0 175

Date

Ajr Temperature

Green Roof Surface

White Roof

Black Foof

Susca et al. 2011



Energy Savings of the Baseline Green Roof compared to the Conventional Roof

In order to establish a starting point for evaluating the building energy
performance of a green roof the baseline green roof (case 5 in Table 2) is compared
here with the conventional (albedo=0.3) membrane roof. Figure 4 shows the gas and
electricity energy and cost savings per unit roof area for the baseline green roof
compared to the conventional membrane roof.

a) Energy Savings b) Energy Cost Savings
ko OElec Savings M@ Gas Savings 51.20
50,000 B $1.00 OElec Cost M GasCost
om— o
S 40,000 2 $0.80 - |
® 30,000 w  $0.60
£ c
& 20,000 5 $0.40 -
@ A §0.20 «H»
10,000 ' !
$0.00
0
N O
-10,000 o o° &> ol o® O
e $ O R Q\ ~\ <Q 0 o .0
Q‘)‘ ‘?‘o N \\(' QO QO Y\O \?\0 R S w\ o R

Figure 4. Electricity and gas savings of baseline green roof compared to conventional
roof per square meter of roof area. Note: Office and lodging buildings have different
roof-floor space ratios.

Sailor et al. 2012
http://www.brikbase.org/sites/default/files/best3_sailor.pdf



NASA-JSC Building 12: Substrate Temperature
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Show Chart Options

http://greenroofsensing.net/chart/show/16



http://greenroofsensing.net/chart/show/16
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Altered Water Cycle for an Average Year

Annual Rainfall

45°1YR

Evaporative Loss From o
Impervious Surfaces

t

Reduced Infiltration
Through Regraded
and Compacted

Soils In Grasses ‘

43"

0" Of Infiltration Under
Impervious Surfaces
Reduction In Base Flow
Under Impervious Surfaces



Washington, DC

How a Combined Sewer
System Works




Economic Driver for Green Roof Installation —
Washington DC, Impervious Area Charge

Beginning in FY 2011, all residential customers are assessed ERUs based
upon the amount of impervious surface on their property and the following
Six-tier rate structure:

Impervious Area

(Square Feet) ERU ERU Rate Monthly Cost
100-600 0.6 $9.57 $5.74
700-2,000 1.0 $9.57 $9.57
2,100-3,000 2.4 $9.57 $22.97
3,100-7,000 3.8 $9.57 $36.37
7,100-11,000 8.6 $9.57 $82.30
11,100 and more 13.5 $9.57 $129.20

(=0.25 acres)

FY 2011 Rates from: http://www.dcwater.com/customercare/iab.cfm



http://www.dcwater.com/customercare/iab.cfm

Economic Driver for Green Roof Installation —
Washington DC, Impervious Area Charge

FY 2015 Rates (Effective 10/1/14) are $16.75 per ERU

Impervious Area o\, EFRURate Monthly Cost % Increase

(Square Feet) (from FY11)
100-600 0.6 $16.75 $10.05
700-2,000 1.0 $16.75 $16.75
2,100-3,000 2.4 $16.75 $40.20
75.1%
3,100-7,000 3.8 $16.75 $63.65
7,100-11,000 8.6 $16.75 $144.05
11,100 and more 13.5 $16.75 $226.13

(=0.25 acres)

FY 2015 Rates from: http://www.dcwater.com/customercare/rates.cfm#ticurrentrates
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111. NASA-JSC Building 12 Green Roof
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Johnson Space Center Takes Green to a New Level: the Roof 03.13.12

Johnson Space Center team members have been obsening the renovation of
Building 12. one of the most visible of the ongoing construction projects at the
center. But it's not just any construction. Building 12, which will house personnel
fram several mission support directorates. will be the first at JSC to have a green
roof, also known as a garden or vegetative roof.

The revamped structure will have an open-office concept to improve workflow and
day lighting. The building was designed to mest or exceed Leadership in Energy
and Environmental Design (LEED) gold cerification criteria set by the U.S. Green
Building Council and will do that and mare with the innovative green roofing system.
Also, alternative energy sources will be relied on with the installation of
photovoltaics and four vertical helix wind turbines.

o

Building 12 is the first at JSC to have a
green roof, also known as a garden or
vegetative roof. Photo credit: MASA

http://www.nasa.gov/centers/johnson/home/green_roo
f.html

“There are 1.2 million pounds of growing media (soil).”

“The total plant count is approximately 67,413



Dakota Mock Vervain

Sedum mexicanum
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Greenroof monitoring challenges: how to
monitor/demonstrate reduced runoff

Vertical downpipe

Pressure transducer
cable

Orifice Restricted
Device (ORD)

Figure 3. Tamaki mini-roof runoff collection systems



Greenroof monitoring solution:

Simple Water Balance Approach
l.e., A—B =C, where:

(A)

Rainfall
(INPUT)

(B) (C)
System
— removal |= |Runoff
(0E+ / dt)

So -- iIf we know A and B at any given time,

we can predict C (= C)



Modeling the Green Roof Water Cycle

0.408(Ro—G) + 7 200 1s(es—ea) Single storm event
ETo= T+273 chars: size,
A+ y(1+0.34u2) intensity, duration,
frequency
1 C
humiccjiity,_ wind Evaporation Substrate
speed, air > — > :
tepmperature Transpiration m0|s_ture content
solar radiation MV ‘\ gggtlhnfluences.

C

C= data to be captured or input
MV= information to be modeled and
validated either with captured data
or, in the case of ET, through mass-
balance calculations

composition,
particle size vapor
pressure deficit

l C

Plant chars:
“coverage’, size,
LAI, succulence,
species, wue

C

runoff for a | | Annual
given climate
storm data
lCI\/IV / C
Annual
greenroof
runoff/water
stored™***

CMV

Olyssa Starry, PhD Dissertation 2013



Measuring ET as change

In substrate VWC
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Building 12: EM50G Network Installed 02/14/14
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Summary of Environmental Conditions:
2/2014-8/2014

Min Max Daily
Average

Temperature (F) 28.76 08.24 73.06
Solar radiation 0 1168.21 232.70
—daily total

(W/m?)

Relative 21.97 100+ 78.22
humidity (%)

Wind Speed 0 7.042 1.54
(m/s)

Precip (mm) 0 69 N/A



Houston Case study from 2/2014-8/2014

Rainfall+
Irrigation
(INPUT)

System
removal
(6E; / ot)

497/mm + X
(461,000L)

332mm
(308,000L)

Runoff

165mm +Y
(153,000L)

2.45 MJ per m? is able to vaporize 0.001 m or 1 mm of water




Energy savings:

a) Energy Savings b] Energy Cost Savings
20,000 OElec Savings M Gas Savings 51.20
50,000 _ $1.00 - OElec Cost M Gas Cost
—_ =)
E. 40,000 g $0.80 - .
» 30,000 % 50.60 -
5 20,000 3 $0.40
v
10,000 $0.20 ! ~H~
0 S0.00 . . .
O '*- o O
10,000 o~ o £ o‘* o° Qﬁ N
Q\,\Oq\bo R R TG L QTP

Figure 4. Electricity and gas savings of baseline green roof compared to conventional
roof per square meter of roof area. Note: Office and lodging buildings have different
roof-floor space ratios.

Sailor et al. 2012
http://www.brikbase.org/sites/default/files/best3_sailor.pdf



Sensor Networks — Monitoring Green Roofs

Green Roof Monitoring Area

or
Smartphone

->
Remote Computer < %; @

Cloud
Server

Sensorweb Software

<—| Data Analysis
r

Researcher Input K Predictive Model )

Data Storage
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saving water increasing efficiency reducing environmental impacts USDA-NIFA-SCRI Award no. 2009-51181-05768
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NASA-JSC Building 12: Irrigation and Rainfall
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Manually Controlled (time-based) Irrigation
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Sensor Network — Irrigation Control

Green Roof Monitoring Area
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Sensor-Controlled (set-point) Irrigation
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Measuring ET as
change In substrate
VWC
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Non-Irrigated Green Roof Scenario

Current Retention Efficiency: 40 - 80%
Carter and Rasmussen, 2007

Substrate Water Content




Sensor Network Irrigation Control

Precision irrigation control on green roofs will:

a) Increase our ability to support more drought
tolerant (C3) plants 1 Increase Diversity

b) Maintain plant heath, coverage and reduce
maintenance < Decrease Cost

c) Increase stormwater removal between rain events
{ Increase Green roof Efficiency
{+ Total Stormwater Capacity



Irrigated Green Roof Scenario

Increased Retention Efficiency: 60 - 90%7?

. Substrate Water Content
\J‘\J"\_f"u SRR AN £ S ea O g




Sensor Network Utility, Return on Investment

Sensor networks can be used to quantify and verify runoff
and efficiency, ultimately by using a predictive
stormwater runoff model

In Washington, DC, verification of storm water reductions
will allow for trading water credits

The stormwater retention trading program will buy proven stormwater
reductions currently trading at $2.95 per gallon for the first 50,000 ft?, with a
ceiling price of $3.50 per gallon [http://ddoe.dc.gov/src]



http://ddoe.dc.gov/src
http://ddoe.dc.gov/src
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Houston Case study: Future goals

« Measure irrigation to better quantify inputs

 Use historical weather data to predict
greenroof ET

« Optimize irrigation to maintain plants as
well as to maximize cooling benefits




Near and Long-term Programmatic Goals

« Implement Sensor-based Irrigation
* Refine and revise the stormwater model

« Collect additional data:
Runoff, air quality, biodiversity, wind speed (!)

« Cross-city, regional (metadata) comparisons

 Integrate Sensorweb into educational and
outreach activities
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Questions?

~or more Info Visit:
nttp://urbansod.
nlogspot.com

Contact:
ostarry@pdx.edu

http://www.greenfudge.org/2009/10/17/green-roof-technology-
breathes-new-life-to-the-urban-jungle/
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